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lenses and the imprecise alignment of the tracking mechanism are all sources of losses that must be taken 
into account to evaluate the real efficiency of CPV systems [8, 9]. Therefore, the aim of this work is to 
report the preliminary performance results of two 3.5 kWp CPV systems that are installed inside the 
campus of the Engineering Faculty of Università Politecnica delle Marche (Ancona, central Italy), a 
location where the average annual DNI is about 1500 kWh/(m2 year). 
2. CPV system description and monitoring apparatus 
Each monitored CPV system consists of eight 420 W-modules having a total number of 768 3J cells 
with a total net area of 11.05 m2. Modules are installed on a chassis and tracking is realized with an 
azimuth-elevation system that uses electric motors. An embedded electronic board controls the motors to 
track the sun by means of a differential light-intensity sun sensor. The rated tracking accuracy is 0.2°. 
The optics consists of a plastic PolyMethylMethAcrylate (PMMA) primary Fresnel lens. The two 
installed systems have a different solution for the Fresnel lenses: the first one has a constant pitch of 0.5 
mm of spacing in the Fresnel grooves; the second one, which is a newer version, presents a differential 
pitch having larger grooves in the center of the lens and smaller ones in the external part. Both of the 
Fresnel lenses have an aperture of 120x120 mm and a focal length of 130 mm. In addition to the primary 
lens, a simple reflective secondary optics is used: it consists of a frustum pyramidal cone installed in 
correspondence of the focus of the primary optics, close to the solar cell. The geometrical concentration 
ratio of the optical system is 476 and its acceptance is 0.4°. In our system, the 3J cells have an active area 
of 5.5x5.5 mm; their performance at the flash test with a concentration ratio of 520 suns is 37.5% while 
the modules have a rated efficiency of 26% with a direct normal irradiation of 850 W/m2. The cells are 
soldered on an Insulated Metal Substrate (IMS) to spread the non-converted radiation flow; each receiver 
is then connected in series to form the modules that are then coupled with a traditional solar inverter. 
The performance of each CPV system is monitored using a measuring apparatus that allows to 
evaluate the conversion efficiency of the plant and the main working parameters. All the monitored data 
are collected in a data logger and stored each 5 minutes. The sensors that are installed in the plant are: i) 
Pyrheliometer (first class accuracy, installed on the tracker on a side of the CPV modules); ii) ambient 
temperature sensor (accuracy r1.5 °C); iii) wind speed (cup anemometer that supplies data to evaluate 
the cooling effect of the ambient air on the modules and also serves as a security control for the wind 
effect on the trackers);  iv) AC electric power produced (accuracy r3%). 
3. Results and discussion 
Results reported in this paper were acquired from July 2013 to March 2014 for both the systems. One 
of the aims of the present paper is to show the performance of a CPV system in real working conditions, 
also taking into account the effect of lens fouling and soiling. For this reason, the surface of the lens was 
not cleaned during the test campaign. In Figure 1a the trend of a typical clear day (in this case September 
the 14th) is reported. Irradiance starts after 8:00 AM due to the shadowing effect of the surrounding hills 
and buildings in the early hours of the morning; DNI peaks at over 900 W/m2 at noon and the 
corresponding AC power production is over 2.5 kW for the constant pitch Fresnel lens system. The power 
output is flat over a large range of the day time (except for some transient clouds) thanks to the use of the 
tracking system that allows to maximize the exploitation of the available solar radiation. Figure 1b reports 
the trend of the ambient temperature and the corresponding efficiency of the CPV system: efficiency trend 
shows an opposite concavity, with higher values in the early morning and late in the afternoon (about 
26%), and lower efficiency (about 25%) in the central day hours: this trend can be ascribed to the higher 
ambient (and receiver) temperature around the noon and thus a slightly lower CPV system efficiency. 
222   M. Renzi et al. /  Energy Procedia  61 ( 2014 )  220 – 224 



















Fig. 2 a, b. Elec
er-Irradiance (a)
 2a the value




 reports the 
d for three l
I and the eff
 in presence 
f the efficien
is far lower th






se of the stro
tric power - DNI
 and Efficiency- 
 of the powe
PV system is
duction almo
uence of the 
ss and the cel
electric effici
evels of ambi




cture of the 
mance of the
r. The energy
ge of the new
mark is the 
 behavior is 
ng night humi
 (a) and Efficien
Ambient tempera
r production

















cy - DNI (b) tren
ture (b) daily tre
 as a function
three sets of 
llows the tre
erature on th










on over the ol
ween the pr
able to the p
s required abo
d clustered for th
nd on September
 of the avail
ambient temp
nd of the DN
e CPV output
ly affected by
ing on the D
 of the electr






 for both syst
d one cannot 
oduction of t
resence of ea
ut half an hou
ree levels of amb
 the 14th 2013 








 possible to f
mental data; 










 by the trend
 meaning tha
onditions. 














 M. Renzi et al. /  Energy Procedia  61 ( 2014 )  220 – 224 223









least in the 
and efficien









Fig. 4 a,b. Pictu
ure of the two m
 reports the e
cient for the 
lways corresp
ay the trend 
 some shad
d by a higher
ere highlight
 in the aftern
central hours 
cy as a functi





 in the month
 almost const
 poor and, as
f installing th








ed with a soli
oon; thus the 
of the day. In
on of the AM
raph also the 
pt for the mor
ts the compa
 and the corre
nt pitch lens. 














 Figure 4b th
 for the 3rd o
trend of the D
ning hours du
rison of the m
sponding mo
Data for the 
lant was start
t the monitor
e, also the pr
s in those lo
(a) and comparis
on of their powe
or some sele
Fresnel lens.

















on of their power
r production  (b)
cted days as 
The value of
en the sun ha
cted, because 
 addition, th
 reduces the 
es when the D
verlaps for th
h shows the 
: efficiency is
d showing a c
up of the plan
irradiated en
 efficiency (c
uary are not 
ew days of op
ring fall and w
y is scarce; t
 the DNI is p
 production  (b)
a function of 






e same value 
trend of the e















d of three of
lar both in the















224   M. Renzi et al. /  Energy Procedia  61 ( 2014 )  220 – 224 














July 62.8 175.7 25.3% August 190.2 509.3 24.8% 
September 155.1 430.7 25.1% October 47.8 143.0 26.1% 
November 28.0 78.3 25.3% December 44.9 134.3 26.0% 
February 44.8 134.2 26.1% Total 573.6 1605.5 25.3% 
4. Conclusions 
In this paper the preliminary experimental results of two 3.5 kWp CPV plants operating in real working 
conditions are reported. Data confirmed that the CPV power output is linearly dependent on the DNI 
radiation while the influence of ambient temperature and AM coefficient on the efficiency is minimal. The 
project will be carried on with the implementation of additional sensors: a back-cell temperature probe; 
inclinometers to evaluate the tracking system accuracy; global solar radiation probe. A deeper evaluation 
of the influence of the cell temperature will be carried out as well as a comparison of the performance of 
CPVs and traditional PVs as a function of the ratio between the DNI and the global radiation. 
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